Introduction: The objective of this analysis was to identify points of disruption within the prevention of mother-to-child transmission (PMTCT) continuum from combination antiretroviral therapy (CART) initiation until delivery. Methods: To address this objective, the electronic medical records of all antiretroviral-naïve adult pregnant women who were initiating CART for PMTCT between January 2006 and February 2009 within the Academic Model Providing Access To Healthcare (AMPATH), western Kenya, were reviewed. Outcomes of interest were clinician-initiated change or stop in regimen, disengagement from programme (any, early, late) and self-reported medication adherence. Disengagement was categorized as early disengagement (any interval of greater than 30 days between visits but returning to care prior to delivery) or late disengagement (no visit within 30 days prior to the date of delivery). The association between covariates and the outcomes of interest were assessed using bivariate (Kruskal-Wallis test for continuous variables and the Chi-square test for categorical variables) and multivariate logistic regression analysis. While they increased with higher CD4 counts at CART-initiation (OR 1.001; CI 1.000Á1001) and in married women (OR 1.297; CI 1.000Á1.695) Conclusions: In a PMTCT programme embedded in an antiretroviral treatment programme with an active outreach department, the majority (67.4%) of women remained engaged and received uninterrupted prenatal CART.
Introduction
There are 2.3 million children living with HIV globally with almost 90% of them residing in sub-Saharan Africa [1] . In 2009, there were an estimated 370,000 new infections in children acquired from their mother during pregnancy, delivery or through breastfeeding. In the absence of prevention of mother-to-child transmission (PMTCT) of HIV interventions, transmission rates are as high as 40% in subSaharan Africa [2, 3] . However, PMTCT interventions have reduced transmission to 1.1Á6.2% in study and select clinical cohorts in resource-constrained settings [4Á11] .
The key component of all effective PMTCT strategies is the provision of antiretrovirals to HIV-positive pregnant women [12] . In resource-replete regions, the standard of care is the use of combination antiretroviral therapy (CART) initiated early in pregnancy. However, in resource-constrained settings, various simpler and less costly antiretroviral regimens have been utilized. Historically, single dose nevirapine (sdNVP) prophylaxis given to the mother during labour and to the infant after birth was the most common intervention [13] . However, data indicating the rapid development of NVPresistant virus in women who receive sdNVP, in addition to studies documenting the benefits of earlier introduction of antiretrovirals as well as the efficacy of CART for prophylaxis has led to the current World Health Organization (WHO)Á PMTCT recommendations [5Á12] [14Á17]. For women not requiring CART for their own health, Option A recommends provision of zidovudine (AZT) from 14 weeks of gestation, sdNVP at onset of labour and AZT and lamivudine (3TC) for seven days post-partum with infant prophylaxis during breastfeeding while Option B recommends CART from 14 weeks of gestation with continuation until one week after infant exposure to breast milk has ended [12] .
To optimize outcomes from the utilization of these new recommendations, it is necessary to understand and address issues related to programme retention and adherence to antiretrovirals of HIV-positive pregnant women. The data on these issues are limited and difficult to compare because of non-standardized definitions of loss to follow-up (LTFU) as well as varied methods for reporting adherence. For example, data from three studies of care and treatment programmes in South Africa consistently showed that pregnancy was a risk factor for LTFU in patients initiating antiretroviral therapy for treatment [18Á20] . However, a multi-country assessment published by the MTCT-Plus Initiative found no difference in retention rates between pregnant women and non-pregnant women or men initiating CART [21] . Within PMTCT programmes offering short course/limited antiretroviral therapy, LTFU rates from antiretroviral initiation to delivery are reported in the range 21.5Á68% [22Á24] . However, the AMATA study, which initiated CART at 28 weeks, reported 98% retention in the pre-partum period [8] . Factors that have been associated with LTFU include younger age and higher WHO stage. However, the association with CD4 count has been variable with one study identifying no association and another associating LTFU with higher CD4 count [20, 21] .
In contrast to data from Brazil and the United States, which showed higher rates of adherence in pregnant women, data from sub-Saharan Africa has indicated that there may be significant adherence issues in pregnant women initiating antiretrovirals [25, 26] . A Tanzanian study reported full adherence in only 38.4% of women receiving short course antiretrovirals for PMTCT while a South African study (part of the Kesho Bora Study) reported good adherence ( !95% adherence) in 61% of their patients with equivalent adherence between women taking CART and those receiving short course antiretrovirals [23, 27] . Misconceptions/misunderstandings, antiretroviral use by relatives, domestic violence, poverty and issues relating to disclosure and stigma were reported reasons for the sub-optimal adherence in the South African study, whereas failure to disclose status was the only factor associated with suboptimal adherence in the Tanzanian study [23, 27] .
The objective of this analysis was to identify points of disruption within the PMTCT continuum from CART initiation until delivery, including lapses in adherence to antiretrovirals, clinician contribution to disruptions, disengagement from care and associated factors. The ultimate goal is to use findings from this analysis to assist in determining points in PMTCT continuum and targeting at risk women for interventions to optimize delivery of PMTCT. This study was conducted within the Academic Model Providing Access to Healthcare (AMPATH) partnership in western Kenya which, from its inception in 2001 to the end of the study period, has used CART-based PMTCT starting at 28 weeks of gestation in women not meeting WHO criteria for treatment [13, 28] . Since 2001, the Kenya national guidelines have recommended sdNVP, short course AZT-containing regimens, Option A and Option B, sequentially. The Kenyan Ministry of Health (MOH) is currently considering the adoption of Option B' (lifelong antiretroviral therapy for all pregnant HIV-positive women)
Methods

Study design
This was a retrospective cohort study using routinely collected de-identified data extracted from patient records within the AMPATH medical records system (AMRS) [29] . The Indiana University School of Medicine Institutional Review Board and the Moi University School of Medicine Institutional Review and Ethics Committee approved the study. Institutional review boards approved waiver of consent for this study since it utilized de-identified data abstracted from stored records within an electronic medical record system.
Study setting
The study was carried out within the AMPATH partnership, which in cooperation with the Ministry of Medical Services and the Ministry of Public Health and Sanitation, delivers HIV care and treatment services to more than 75,000 HIV-positive persons through 65 Ministry of Health facilities in western Kenya [30] . Since AMPATH's inception in 2001, PMTCT has been an integral component of the AMPATH programme.
Study population
The study population includes all antiretroviral-naïve adult ( ]18 years) pregnant women initiating CART from January 2006 to February 2009 within the AMPATH partnership.
Clinical procedures
Protocols consistent with WHO guidelines for the management of HIV-positive mothers and their children were developed locally and followed for the duration of the study [13] . The 2006 WHO criteria for treatment (all WHO clinical stage 4 patients, stage 3 patients with a CD4 cell count B350 cells/ml and stage 1 and 2 patients with a CD4 cell count B200 cells/ml) were used to determine if a pregnant woman was eligible for treatment for her own health [31] . Women meeting treatment criteria initiated CART on completion of staging while those not meeting criteria initiated CART at 28 weeks of gestation.
Throughout the course of the programme, women who were eligible for therapeutic CART received either AZT or stavudine (D4T) in addition to 3TC and NVP. Women not meeting criteria for therapeutic CART prior to March 2006 received a regimen consisting of either AZT or D4T in addition to 3TC and NVP. After March 2006, patients with CD4 counts greater than 250 cells/ml received nelfinavir (NFV) rather than NVP until July 2007 when lopinavir/ritonavir (LPV) replaced NFV in the PMTCT regimen. During the study period, antiretrovirals were discontinued one to two weeks after delivery in women receiving CART for PMTCT only.
Pregnant women initiating a NVP-based regimen were seen two weeks after initiation and then monthly thereafter while women initiating a protease inhibitor-based regimen were seen monthly (28-day visit schedule). With the exception of the initiation visit for women starting a NVP-based regimen, all women were provided with a 30-day supply of antiretrovirals. During follow-up visits, women were assessed for inter-current symptoms and CART adherence (self-report). Blood pressure, temperature, weight, oxygen saturations and a targeted physical exam as indicated by symptom history were performed at each visit. Per protocol, a complete blood count with white cell differential, CD4 cell count and alanine amino transferase (ALT) were performed at enrolment into the programme and every six months. Additional laboratory testing was carried out based on clinical indications. Viral loads were not routinely collected in this cohort.
Adherence was assessed at every visit using the question; ''During the last seven days how many of his/her pills did the patient take?'' The available responses were: ''none,'' ''few,'' ''half,'' ''most'' and ''all''. Clinicians document antiretroviral changes or discontinuations at each visit. Available categories for reasons for change/discontinuation include treatment failure, toxicity, completion of PMTCT and other. If a pregnant woman missed a clinic visit by more than seven days and resided in the AMPATH catchment area, an outreach intervention was triggered. Only one contact attempt was made per patient and outreach data was not integrated into the AMPATH database during the period of study. As a result, patients contacted by outreach who did not return to clinic remain disengaged from care from the clinic perspective.
Review of reason for regimen change
The data on all regimen changes were reviewed by one of the authors (KWK) and grouped into the following categories. Confirmed toxicity: the provider indicated toxicity as a reason for change, and per KWK's review the substitution was consistent with toxicity. Possible toxicity: the reason for change was given as other or was missing and the antiretroviral change was consistent with substitution(s) routinely made for toxicity. Nelfinavir purity issue: In 2007, NFV was pulled from the global market due to concerns about impurities. Single drug changes of NFV occurring during the recall period May 2007ÁJuly 2007 were classified as NFV purity issues. Unknown: this represents any substitution(s) that is (are) not consistent with a change related to toxicity or NFV purity.
Data collection and management
The data elements collected on the AMPATH encounter forms at enrolment included demographic, historical, psychosocial, physical exam and laboratory data as well as medications provided (such as antiretrovirals and opportunistic infection prophylaxis). A follow-up encounter form collected data on inter-current symptoms, medication adherence, new diagnoses, laboratory data and additions or changes in drug regimens. Dedicated data entry clerks entered this information into the AMRS [29, 30] . Data entry is validated by random review of 10% of the forms entered into the system.
Analysis
The outcome variables assessed included disengagement from the programme, clinician-initiated regimen change/ stop and self-reported medication adherence. Patients were defined as disengaged from the programme prior to delivery if they had no contact with the clinic for more than 30 consecutive days during their pregnancy. ''Early disengagement'' was defined as any interval of greater than 30 days between visits with a return to care prior to delivery. ''Late disengagement'' was defined as no visit within 30 days prior to the delivery date (estimated or confirmed). Women who met both definitions were classified as late disengagement. The 30-day window was chosen for this analysis because of the importance of maintaining an 85Á95% level of adherence to optimally suppress viral load [32] . Since women were given a 30-day supply of medication at each visit, a gap of more than 30 days represents an opportunity for missed doses of medication. We chose to separate early disengagement from late disengagement because late disengagement may represent a higher potential for an unsuppressed virus at the time of delivery and thus a greater risk of HIV transmission [33] .
Perfect adherence to antiretroviral medication was defined as responded ''All'' to the question ''During the last seven days how many of his/her pills did the patient take?'' at every visit during pregnancy, whereas imperfect adherence encompassed any response other than ''All'' at any visit during pregnancy. In this analysis, perfect adherence was not adjusted for the number of recorded adherence measures because the adherence rates are relatively flat across the quantity of adherence measures ranging from 1 to 13 and very few patients had more than ten measures prior to delivery.
Descriptive statistics were generated. Based on the literature and the available programmatic data, an a priori decision was made to assess the following covariates for association with the outcomes of interest (perfect adherence; any disengagement, early disengagement and late disengagement): age, gestational age, years of school, CD4 cell count, marital status, employed outside home, WHO stage, clinic type (rural health centre, district (sub-district or district) hospital, referral hospital), clinic location (urban versus rural), concomitant tuberculosis (TB) treatment and components of the CART regimen (AZT versus D4T and a protease inhibitor versus a non-nucleoside reverse transcriptase inhibitor-based regimen) [20, 21, 23, 27, 34, 35] . We conducted bivariate analysis to explore the associations between the outcome variables and each of the covariates previously listed using Kruskal-Wallis test for continuous variables and Chi-square test for categorical variables. In the multivariate models, all covariates, with the exception of clinic location, were initially included. Clinic location (urban versus rural) is partially colinear with clinic type, and as such we excluded clinic location from multivariate analysis. We used clinic type in the multivariate analysis because we felt that level of service provision might be a better and more granular factor in predicting retention and adherence than location of the clinic, as this does not necessarily describe the population accessing the clinic or consistently provide information on travel time or cost. For the multivariate analysis, we cycled through covariates in a step-wise fashion and chose the ones that minimized the Akaike information criterion (AIC) to be retained in the final model, which are presented in Tables 2 and 3 [36, 37] . Bivariate and multivariate analyses, as described above, were also undertaken to separately explore the covariates associated with early disengagement and late disengagement as compared with engagement. The ten patients whose CART was discontinued by clinicians were not analysed in the multivariate models. All analyses were carried out with R Software (Vienna, Austria) and SAS (version 9.2; SAS Institute, Cary, NC).
Results
CART was initiated in 4284 antiretroviral-naïve pregnant women between January 2006 and February 2009. Of these, 1298 (30.3%) were pregnant at the time of programme enrolment ( Table 1) . Most of the women were married (74.4%) and cared for at a district or sub-district hospital (53.0%) rather than at the referral hospital or a rural health centre. The median maternal age at CART initiation was 28.4 (Interquartile range (IQR): 24.1Á32.4) years. The median gestational age at CART initiation was 29 (IQR: 28Á32) weeks. The majority of women were diagnosed as WHO stage 1 or 2 (79.7%), the median CD4 count was 351 (IQR: 211Á511) cells/ml at CART initiation and 18.3% required treatment for their own health.
Of the 3412 women with at least one adherence measure, 3030 (89%) reported taking all of their medication at every visit (Table 2 ). In the bivariate analysis, imperfect adherence was associated with clinic type, treatment in a rural setting and fewer years of education. Based on the multivariate analysis those receiving treatment at a district/sub-district hospital (odds ratio [OR] 0.681; 95% confidence interval [CI] 0.473Á0.964) were 31.9% less likely to report perfect adherence. Each additional year of education (OR 1.106; CI 1.058Á1.157) increased the likelihood of reporting perfect adherence by 10.6%.
Of the women studied, 18 (0.4%) died and 1377 (32.1%) experienced a treatment interruption either due to disengagement or due to clinician discontinuation of CART (Figure 1 ). Clinicians discontinued CART in only ten patients (0.7%). Clinician reported reasons for CART discontinuation as follows: toxicity 1 (10%), other 6 (60%) and no reason given 3 (30%). Of the 118 women who experienced a regimen change during their pregnancy, the identified reasons included confirmed toxicity 7 (5.9%), possible toxicity 50 (42.4%), NFV purity 59 (50.0%) and unknown 2 (1.7%).
There were 1367 (31.9%) women who disengaged from the programme at some point during their pregnancy. Of these, 404 (29.6%) disengaged early but returned to care prior to delivery (early disengagement) and among the 334 who had information regarding the next scheduled visit, the mean number of days overdue was 15.0 (standard deviation (sd) 0 17.6). The remaining 963 (70.4%) disengaged from care more than 30 days prior to their date of delivery (late disengagement).
In the bivariate analysis, any disengagement (early or late) was associated with younger age, earlier gestational age at CART-initiation, clinic type, and was marginally associated with care in an urban setting (Table 3 ). In the multivariate model, the odds of disengagement decreased by 1.8% per additional year of age (OR 0.982; CI 0.966Á0.998) and 7.5% In a bivariate analysis, early disengagement was associated with lower gestational age at CART initiation, being employed and a CART regimen containing D4T or a non-nucleoside reverse transcriptase inhibitor (NNRTI). Clinic type was marginally associated with early disengagement (Table 3) . In the multivariate model, only gestational age at CART initiation (OR 0.902; CI 0.881Á0.924) remained significantly associated, with the odds of early disengagement decreasing by 9.8% per additional week of gestation. In the bivariate analysis, late disengagement was associated with younger age, lower gestational age at CART initiation, being married and clinic type. In the multivariate model, gestational age at CART initiation (OR 0.936; CI 0.917Á0.956) remained significantly associated, with the odds of late disengagement decreasing by 6.4% per additional week of gestation. With regard to CD4 count at CART initiation (OR 1.001; CI 1.000Á 1.001), for each additional cell/ml, the odds of disengagement increased by 0.1%. Being married (OR 1.297; CI 1.000Á1.695) was identified as being marginally associated with late disengagement.
Of the 2889 women who remained engaged in care throughout their pregnancy, 92.5% had a follow-up visit within 60 days after delivery. The majority (91.6%) of the 404 women with early disengagement adhered to a post-partum clinic visit within 60 days of delivery. Of the 963 women experiencing late disengagement, only 37.5% returned to care within 60 days after they delivered.
Discussion
In this study, based on very conservative criteria ( !30 day gap in care) for disengagement, 31.9% of pregnant women on CART disengaged from care at some point prior to delivery. Of note, 22.5% of all patients were disengaged during the critical time period immediately prior to delivery and only 37.5% of these patients returned to care within 60 days after delivery.
Because of our very conservative definition of disengagement and the short follow-up period required for PMTCT, our findings cannot be directly compared with retention data from our programme or others. However, to provide perspective on the issue of retention, the mean attrition rate (a combination of LTFU and death) within sub-Saharan African HIV programmes has been reported to be 13.9% at six months with death accounting for 41% of the attrition [35] . As noted in the introduction, PMTCT programmes have reported even higher attrition rates (21.5Á68%) than ART programmes [22Á24]. The relatively high retention rates within our programme may be secondary to a number of structural factors. The presence of an active outreach programme that prioritized pregnant women is likely to have positively impacted retention within our cohort. Unfortunately since outreach records were not part of the AMRS during the study period, we cannot determine the potential magnitude of the impact. Within AMPATH, approximately 36% of women initiating CART for PMTCT were followed by the programme but were ineligible for CART until they became pregnant (internal communication). Given that oneyear ART programme attrition rates for ART-ineligible patients are reported to be quite high (24Á55.1%), high retention rates in this analysis may reflect survivor bias within the AMPATH programme [38, 39] . Lower attrition rates may also reflect a greater sense of engagement with the programme because of their pre-pregnancy connection. There may also be an increased sense of connection to the programme created by receiving CART rather than sdNVP. Though the retention rates are higher than those reported by the majority of PMTCT programmes, we continue to have unacceptably high rates of disengagement during the critical pre-and peri-partum periods, indicating the need to develop interventions to improve engagement of pregnant women by HIV care and treatment programmes.
Increased age, greater gestational age at CART-initiation, receiving TB medications and care at a district hospital were associated with decreased odds of disengagement. Earlier gestational age at CART initiation may be related to higher rates of disengagement simply because of the longer followup times necessary for these women. The finding that coadministration of TB medication is inversely related to disengagement was somewhat surprising as we anticipate that these women would have competing health priorities, increased medication-related toxicity, a higher risk of unreported death or hospitalization and as such have higher rates of disengagement. However, it is possible that these women were better engaged by the programme because they have a frequent follow-up for a symptomatic illness that is perceived by the community to require treatment and which is not as stigmatizing as HIV. Further investigation of care structures within the three facility levels is necessary to determine why care at a district hospital might be protective against disengagement. Married women testing positive for HIV may have fears about disclosing their status to their partners and this may adversely impact retention. HIV counselling and testing for couples as part of antenatal care as well as other efforts to engage males in their partner's antenatal care may address this issue [40] . Similar to Toro's study, we found that late disengagement was associated with higher CD4 counts but not WHO stage at CART initiation [21] . Higher CD4 cell counts are a surrogate for better health status, suggesting that healthier women were more likely to disengage from the programme. This finding is intuitive given that individuals who do not feel ill are less likely to have a strong compulsion to follow-up for health care. To improve engagement, PMTCT programmes may need to target this group for incentives and additional services, including enhanced education about the value of PMTCT.
The reported ''perfect'' adherence rate (89%) for this cohort is higher than the good/complete adherence rates previously reported from PMTCT populations both in North America and sub-Saharan Africa 38Á76% [23, 27, 41, 42] . However, adherence rates reported in this study must be interpreted with caution given that self-reported adherence tends to over-estimate adherence when compared to pill count or pharmacy refill data. Similar to Kirsten's study, we found an association between educational level and adherence [23] . We also found that receiving care at a district hospital was associated with lower levels of reported adherence than care elsewhere. The reason for this finding is unclear and additional studies, using pharmacy refill or pill count data as well qualitative methods, are needed to understand how programme structure and patient factors interact to impede or promote adherence in the PMTCT population.
Only 3% of patients experienced a clinician-initiated stop or change in regimen during their pregnancy. This compares quite favourably with the rate of treatment stop or change in our general patient population (estimated at 8.1% during the first year of treatment) [43] . Of those changing their regimen, the most common reason for regimen changes was related to NFV-purity issues with the second most common reason being toxicity (confirmed or possible). As such, the rate of treatment-limiting toxicity in this population appears to be low at 1.6%. However, we do acknowledge that unmeasured adverse events may be contributing to disengagement from care.
This study is confined to HIV-positive pregnant women who initiate CART. As such, the results cannot be extrapolated to the entire community of HIV-positive pregnant women, some of whom have not accessed testing or treatment services. Based on internal AMPATH monthly reports, the average HIV-testing rates in the antenatal clinic are ]95% and of those testing positive, ]95% are successfully referred to the antiretroviral treatment programme. As such, we feel that data from this study can be generalized to HIV-positive women accessing antenatal services in East Africa. During the study period, women not requiring CART for their own health discontinued CART after delivery; as such this study does not address issues of retention and adherence during the breastfeeding periods. Another limitation of this analysis is the use of self-reported adherence data, which are known to overestimate adherence in most populations. In addition, the absence of data for scheduled follow-up visits led to the development and use of a 30-day window between patient visits applied to all patients. This may have led to patients being misclassified as disengaged from care if clinicians extended their follow-up interval beyond the 30-day window. Because the AMPATH clinical guidelines recommend monthly follow-up for pregnant women, it is unlikely that this occurred frequently.
Other limitations of this analysis are random misclassification due to clinician error in recording and missing data as evidenced by no reason being given for treatment stop or change. Because patient outreach data were not available within the AMRS during the study period, it is unclear how outreach to patients living in the AMPATH catchment area impacted patient return to clinic and thus it is unclear what biases may have been introduced by this practice into this study. Though it is probable that outreach patients are more likely to return to care, the absence of data on the number of patients outreached in this sample make it impossible to estimate the magnitude of this impact. In addition, we are unable to track whether or not women who disengage from the AMPATH programme have accessed care elsewhere. The strengths of our study include the use of a large patient cohort cared for in both urban and rural settings, allowing these results to be more generalizable to PMTCT programmes in other resource-constrained settings.
Conclusions
In a PMTCT programme embedded in an antiretroviral treatment programme with an active outreach department, the majority (67.4%) of women remained engaged and received uninterrupted prenatal CART. However, even in this highly integrated programme with active outreach targeting pregnant women, 32.6% of patients had either a gap in care or completely disengaged from care prior to delivery. Future studies are needed to address the impact of male involvement in PMTCT engagement, methods for engaging women in PMTCT who perceive their selves to be healthy and the role of the care delivery structure in maintaining engagement.
Interventions that prevent disengagement from PMTCT are necessary to achieve the WHO's goal of zero mother to child HIV transmission.
